Introduction
In the Ryukyu Islands sugarcane fields are estimated at 70% of the total land planted to crops. Weed infestations in the sugarcane fields were investigated for the first time in an extensive study of weed communities carried out between 1979 and 1982 and the weeds found were classified into 59 families, 181 genera and 233 species4-9,17). In the subsequent series of laboratory and field experiments conducted from 1983 through 1986, two perennials, Paspalum urvillei STEUD., a grass plants, and Bidens pilosa L. var. radiata SCHERFF., a composite plant, hereinafter referred to as Paspalum and Bidens, respectively, were chosen as the most competitive and troublesome of the 233 species and tested for physiological and ecological chracteristics that may be associated with the difficulty of control involved. The results indicated that (1) the weeds are both highly nitrophilous, (2) Paspalum is more shade-tolerant than Bidens and (3) their competitive advantage increases after the mid-stage of the growing period10-16).
Rottboellia exaltata L.f., a grass plant native to India2) and Solanum alatum MOEN-CH., a Solanacea plant native to South America2), hereinafter referred to Rottboellia and Solanum, respectively, are larger than any other annuals occurring in the sugarcane fields and probably the most potential competing species affecting the growth of the crop. In the present study, these weeds were chosen and tested to determine their response to fertilization, shading, and soil moisture, and their competition with the crop.
Competition between a weed and a crop for soil nutrients, or the fertilizer absorptivity of the weed, has been mentioned as one of the serious problems associated with crop yield reductions, and cases of greater weed response to higher levels of fertilizer application have been reported by many investigators1, 3, 11, [18] [19] [20] .
This report presents experimental data obtained for Rottboellia and Solanum at various levels of nitrogen fertilizer treatments.
Materials and Methods
The experiment was conducted for 120 days from 15 March through 13 July 1987 in the glasshouse at the Experimental Farm of the Faculty of Agriculture, Ryukyu University, located at Senbaru, Nishihara-Cho, Ok inawa Prefecture, using a total of 120 Wagner pots of 1/2, 000a. The seeds were collected from 1 plant in the field and kept in the desiccator at room temperature for 9 months. The soil type was dark-red soil pH6 removed from topsoil, about 10cm deep, in the field. On 15 March, the pots were filled with 10kg/ pot of the soil and fertilized with ammonium sulfate at 0, 10, 20 and 40kg/10a, hereinafter referred to as the N-0 treatment, N-10 treatment, N-20 treatment and N-40 treatment, respectively. The pots were further fertilized with superphosphate of lime and potassium chloride at 15kg/10a. Of the pots 60 were sown with 10 seeds of Rottboellia, each of the remaining 60 with 10 seeds of Solanum and a week later all were thinned by hand to a uniform stand of 1 plant per pot.
Top and root dry weights, number of main stem leaves, number of branches, leaf area, number of spikes and number of fruits were recorded by randomizing 3 pots monthly during the first 3 months of seeding and 6 pots in the fourth month or the final phase of the experiment.
For measurement of root dry weight, the roots were washed free of debris with care to prevent breaking. Plant height, plant length and number of tillers were recorded at intervals of 10 days after seeding. Data were also taken on days before heading and days before flowering.
Results
In Rottboellia the plant height increased at approximately the same rate in all treatments during the first 20 days after seeding but then a rapid increase took place in the N-0, N-10 and N-20 treatments.
Maximum value at 90 days after seeding was 130cm in the N-0 treatment, 120cm in the N-10 treatment, and 80cm in the N-20 treatment.
In contrast, the plant height increase in the N-40 treatment was much smaller during the same period and maximum value at 90 days after seeding was only 55cm (Fig. 1A) .
In Solanum the plant length increased slowly in all treatments during the first 50 days after seeding but then a rapid increase took place in the N-20 and N -40 treatments.
Maximum value at 100 days after seeding was 56cm in the N-20 treatment and 66cm in the N-40 treatment, while elongation in the N-0 and N-10 treatments continued to be slow and maximum value at 110 days after seeding was only 35cm in the N -0 treatment and 37cm in the N-10 treatment (Fig. 1B) .
In Rottboellia, the total dry weight increased little in all treatments during the first 30 days after seeding but increased rapidly during the subsequent 60 days, followed by a slow increase. Maximum value at 120 days after seeding was 108g in the N-0 treatment, ( Fig. 2A) . In Solanum the total dry weight showed similar trends during the first 30 days after seeding but then started increasing rapidly, especially at 60 days after seeding. Maximum value at 90 days after seeding was 91g in the N-0 treatment, 170g in the N-10 treatment, 202g in the N-20 treatment and 130g in the N-40 treatment.
The total dry weight then dropped quickly (Fig. 2B) .
In Rottboellia, the percentage allocation dry weight to different structures at 30 days after seeding was generally higher in leaf weight, reaching a maximum of 44% in the N-10 treatment.
The percentage allocation at 60 days after seeding was higher in spike weight in the N-10, N-20 and N-40 treatments, reaching a maximum of 40% in the N-10 and N-40 treatment, while it was only 15% in the N-0 treatment.
Spike weight showed similar trends at 90 days and 120 days after seeding, reaching a maximum of 54% in the N-40 treatment, while it was only 16% in the N-0 treatment at 90 days after seeding. The percentage allocation of root weight was largest, 40%, in the N-0 treatment at 90 days after seeding and generally low at other phases of the growing period. The percentage allocation of stem weight showed an approximately similar tendency (Fig. 3A) . In Solanum, the leaf area value was 53% in the N-40 treatment at 30 days after seeding and 40% in the N-20 treatment at 120 days after seeding. The fruit weight value was 57% in the N-20 at 120 days after seeding and 8% in the N-0 treatment at 60 days after seeding. The root weight value was 31% in the N-0 treatment at 60 days after seeding and 14% in the N-40 treatment at 30 days after seeding. The stem weight value was 31% in the N-40 treatment at 30 days after seeding and 20% in the N-20 treatment at 120 days after seeding. In Rottboellia, the leaf area showed little increase during the first 30 days after seeding but increased rapidly during the subsequent 60 days, followed by a quick decrease.
Maximum value at 120 days after seeding was 1,700cm2 in the N-0 treatment, 2,300cm2 in the N-10 treatment, 2,400cm2 in the N-20 treatment and 1,770cm2 in the N-40 treatment (Fig. 4A) . In Solanum, the leaf area showed similar trends during the first 30 days after seeding but then a rapid increase took place with maximum value reached at 90 days after seeding: 1, 600cm2 in the N-0 treatment, 2, 900 cm2 in the N-10 treatment, 3, 700cm2 in the N -20 treatment and 4,400cm2 in the N-40 treatment. The leaf area then started decreasing at a fast rate and the value at 120 days after seeding or at the end of the experiment was 300cm2 in the N-0 treatment, 600cm2 in the N -10 treatment, 800cm2 in the N-20 treatment, and 950cm2 in the N-40 treatment (Fig. 4B) . Table 1 illustrates number of days before heading, number of tillers, number of main stem leaves, number of spikes, number of days before flowering, number of branches, and number of fruits recorded at 120 days after seeding. In Rottboellia, the number of days before heading did not differ significantly between treatments, while the numbers of tillers, main stem leaves and spikes were smaller in the N-0 treatment than in other treatments.
In Solanum, the number of days before flowering was larger in the N-40 treatment than in other treatments.
The number of branches and number of fruits differed significantly between the N-0 treatment and other treatments and between the N-40 treatment and other treatments, while no significant difference was observed between the N -10 and N-20 treatments.
Discussion
In a previous study, growth response to various conditions of crop production was evaluated for Paspalum and Bidens, which are considered the most harmful perennial weeds occurring in the sugarcane fields, in order to gain basic information necessary for establishment of effective control measures.
The growth and seed production of the weeds within various levels of nitrogen fertilizer treatments have been reported11,15). In the present study, the effects of nitrogen fertilizer application on growth and seed production were investigated for Rottboellia and Solanum.
In the previous experiments11,15), the tests were conducted with the highest level of nitrogen fertilization set at 21kg/10a and the weeds tested achieved the largest growth increment at this level. In the present experiment, the highest level of nitrogen fertilization was modified to 40kg/10a in order to determine growth increment at this level. The frequency of sampling was also modified to 4 times from the previous 1 time and sampling was done at intervals of 30 days in order to observe changes in growth throughout the experiment.
In Solanum initial increase in plant length was remarkably slow as compared with that of the plant height in Rottboellia. In Rottboellia the plant height decreased as the amount of nitrogen application was increased, while in Solanum the plant length increased at higher nitrogen levels. This result is consistent with the previous data11, 15) that in Paspalum the plant height decreased at higher nitrogen levels, while in Bidens the plant length increased. In their experiments with Digitaria ciliaris KoEL., Chenopodium album L., Portulaca oleracea L., Cyperus microiria STEUD., Amaranthus lividus L., upland rice, NOGUCHI and NAKAYAMA 18) reported that both plant height and plant lenght increased as the amount of nitrogen application was increased. These results are characteristically contradictory to the case of Rottboellia, where the plant height was suppressed at higher nitrogen levels.
In Rottboellia the total dry weight value was largest in the N-20 treatment at 120 days after seeding and in Solanum largest also in the N-20 treatment at 90 days after seeding. The total dry weight value in the N-40 treatment was remarkably small, indicating that growth increment in the weed is suppressed at extremely high levels of nitrogen fertilization. ASANO et al1) reported that in Digitaria ciliaris KOEL. Portulaca oleracea L., the total dry weight showed the largest value at 50kg/ lOa and decreased at the 100kg level. In Solanum the total dry weight started decreasing repidly at 90 days after seeding, which may be attributed in part to the considerable leaf fall that occurred at this phase of the experiment. In both Rottboellia and Solanum, the percentage allocation of spike, fruit and flower dry weights increased at higher nitrogen levels and also increased in all treatments with the elapse of the growing period. The percentage allocation of root, stem, leaf dry weights started decreasing at 60 days after seeding. In Solanum, the percentage allocation of leaf dry weight started decreasing at a fast rate at 90 days after seeding. Similar results have been reported by ITO 3) for Sagittaria trifolia L. In both Rottboellia and Solanum, nitrogen application increases seed production, suggesting that the weeds assure propagation in the next generation.
In Rottboellia the leaf area reached a maximum in each treatment at 120 days after seeding. Value in the N-40 treatment was considerably smaller than that in the N-20 treatment, indicating that the leaf area of this species is suppressed at extremely high nitrogen levels. In Solanum the leaf area reached a maximum in each treatment at 90 days after seeding and value in the N-40 treatment was 4, 400cm2. The leaf area then started decreasing rapidly due to the considerable leaf fall that occurred at this phase of the experiment.
Value at 120 days after seeding was smallest or 300cm2 in the N-0 treatment. The fallen leaves were included in the total dry weight but were not considered in measuring the leaf area since dead leaves are not assimilative.
In Rottboellia heading did not differ significantly between treatments except a slight delay in the N-40 treatment.
The number of tillers, number of main stem leaves and number of spikes increased rapidly as the amount of nitrogen application was increased, reaching maximums in the N-20 treatment.
Value at 120 days after seeding differed significantly between the N-0 treatment and other treatments. In Solanum, flowering was delayed significantly in the N-40 treatment and the number of branches and number of fruits increased at a fast rate with increasing nitrogen application, reaching maximums in the N -20 treatment.
Value at 120 days after seeding differed significantly between the N-0 treatment and other treatments.
The result that the numbers of tillers, main stem leaves and spikes in Rottboellia and the number of branches and fruits in Solanum were largest in the N-20 treatment agrees with the previous reports11, 15) In Rottboellia nitrogen application increased total dry weight, leaf area, numbers of tillers, main stem leaves, and spikes, while it decreased plant height and had a suppressive effect at 40kg. In Solanum nitrogen application increased all these characters, and had the most promotive effect on plant length and leaf area at 40kg. In both Rottboellia and Solanum, the increase in the total dry weight was consisitently small in the N-40 plot where the highest nitrogen fertilizer rate was applied to the weed stands. This was in all probability due to the effect of nitrogen stress that occurred from the heavy application of nitrogen fertilizer.
The general concept is that an increase in leaf area causes an increase in total dry weight which in turn increases plant height. In Rottboellia, the leaf area and total dry weight increased with increasing nitrogen application but the plant height contrarily decreased. In contrast, the values for these characters increased with increasing nitrogen application in Solanum, indicating that tolerence to nitrogen fertilization is greater in the latter than in the former. The response to different nitrogen leaves varied markedly between the plant height of Rottboellia and the plant length of Solanum.
The plant height value was smallest at 40kg and largest at 0kg, while the plant lenght value was smallest at 0 kg and largest at 40kg.
Summary
The effect of nitrogen fertilization on growth and seed production was evaluated for Rottboellia exaltata L.f., and Solanum alatum MOENCH., at 0, 10, 20 and 40kg/10a. The results are summarized as follows: 1. In Rottboellia the plant height decreased as the amount of nitrogen application was increased. The value was largest in the N-0 treatment at 90 days after seeding. In Solanum the plant lenght increased with increasing nitrogen application reaching a maximum in the N-40 treatment at 100 days after seeding (Fig. 1). 2. In Rottboellia the total dry weight started increasing rapidly at 30 days after seeding but the increase became less at 90 days after seeding. The value was largest in the N-20 Characteristics of Weeds in the Ryukyu Islands 21 treatment at 120 days after seeding. In Solanum the total dry weight started increasing rapidly at 60 days after seeding and then started decreasing at 90 days after seeding. The maximum value was reached in the N-20 treatment at 90 days after seeding (Fig. 2) .
3. In both Rottboellia and Solanum, the dry weight percentage allocation of spike, fruit and flower increased at higher nitrogen levels, while the dry weight percentage allocation of root, stem and leaf decreased as the amount of nitrogen application was increased (Fig. 3) .
4. In Rottboellia the leaf area increased with increasing nitrogen application reaching a maximum in the N-20 treatment at 120 days after seeding. In Solanum the leaf area reached a maximum in the N-40 treatment at 90 days after seeding and then decreased at a fast rate (Fig. 4) .
5. In Rottboellia heading was delayed slightly in the N-40 treatment and in Solanum flowering was delayed significantly in the N -40 treatment.
In both Rottboellia and
Solanum the values of spike, fruit and flower were largest in the N-20 treatment (Table  1) .
